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ABSTRACT
This study investigates the expression of Palladin, a phosphoprotein product of the
PALLD gene, in the retinal pigmented epithelium (RPE). The RPE is a necessary layer below the
retina of the eye. It plays a role it transporting and absorbing nutrients between the retina and the
blood vessels below in the choroid. Palladin is an actin cross-linking protein and plays a role in
cell adhesion and motility. It is found predominantly in muscle tissue helping the actin arrays
form to keep the structure and shape of the cell. Published reports have demonstrated that a down
regulation of Palladin in colon cancer cells results in a reorganization of the actin cytoskeleton,
causing the cells to lose their typical shape, become proliferative and migratory. This process is
otherwise known as epithelial-mesenchymal transition (EMT). In this process, the epithelial cells
lose the cuboidal shape and gain a mesenchymal oval-like shape. The adhesions to nearby cells
are lost and the cells can now migrate and proliferate away from other retinal pigmented
epithelial cells. A similar EMT phenomenon is observed when the RPE is exposed to the vitreous
humor in patients with proliferative vitreoretinopathy (PVR). PVR occurs when the RPE
proliferates and forms epiretinal membranes above the retina. This causes retinal detachment and
blindness. In this study, the expression of Palladin is investigated in primary cultures of pig
retinal pigmented epithelium in both normal and vitreous-exposed cells. The cells are observed
for any phenotypic transformation. It is expected that the vitreous exposed cells will not have the
normal epithelial phenotype. The cells will be expected to be oval-shaped and disconnected from
each other. Reverse transcription polymerase chain reaction (RT-PCR) and western blotting were
performed to demonstrate mRNA and protein expression, respectively. Protein expression was
tested using two different Palladin primary antibodies. The first antibody used was the PALLD
monoclonal antibody which is more specific to just Palladin. The second antibody used was the
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PALLD polyclonal primary antibody. This antibody is less specific to Palladin. Palladin was
seen expressed in the RPE cells; however, there was no notable difference in the expression of
Palladin mRNA in vitreous-exposed cells versus the control cells. This indicates that while the
protein is there, epithelial mesenchymal transition is not occurring and therefore no up or down
regulation of Palladin is seen. Palladin is at normal expression rates. The immunoblotting
analysis was inconclusive. More research will be necessary to see if Palladin plays a role in the
RPE. Use of a different primary antibody may help achieve cohesive results in protein
expression. Repetition of this experiment would need to be completed to obtain corroborating
results.

INTRODUCTION
Anatomy of the Eye
The eye may seem to have a simple anatomy but it is actually a complex organ that is
tasked with many essential functions. The eye itself is asymmetrical when removed from the
socket. The sclera is the white layer that surrounds the entire exterior of the eyeball giving the
eye wall support. The sclera turns into the cornea more anteriorly. The cornea is a transparent
layer that protects the pupil and iris. This layer gives the clearest image to the retinal
photoreceptor layer since it is the first lens of the eye. Below the cornea lies the first chamber of
fluid in the eye called the anterior chamber. This chamber is filled with the aqueous humor. The
second barrier to this chamber is the iris. This circular pigmented muscle is what gives the eye its
color. The muscle contracts and relaxes the pupil to allow additional or reduced light in. The
pupil therefore is where light enters the interior of the eye and is the aperture of the iris.
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Behind the iris is the posterior chamber that is also filled with aqueous humor. The lens
lies behind the iris and is held in place by ligaments called zonula fibers and then connected to
the anterior portion of the eye by the ciliary body. The ciliary body consists of muscles that
contract in order to change the shape of the lens in a process called accommodation. This allows
an image to be focused on the retina. Behind the lens is the largest chamber called the vitreous
body filled with the vitreous humor. This humor is more gelatinous than the aqueous humor.4
The main difference between the humors is that the vitreous humor is 99% water with collagen
and hyaluronic acid which the aqueous humor does not have. This is what gives the vitreous
humor the gelatinous consistency.
The next layer that has direct contact with the vitreous humor is the retina. The retina
includes the photoreceptors that take the visual signals and turn them into electrical and chemical
signals carried to the brain. The most posterior layer of the retina is the retinal pigmented
epithelium. This layer is of importance to the well-being of the retina10. The fovea is the central
area of the retina where an image can be focused and the maximum amount of detail can be
obtained. The basal surface of the retinal pigmented epithelium rests on the vascular choroid
layer which supplies the retina with nutrients. The choroid layer then rest on the sclera. Six
extraocular muscles attach the eye to the eye socket. The retina, choroid, and sclera meet at the
back of the eye to form the optic nerve. The optic disk is the exit point for the blood vessels and
nerve fibers from the retina. This area has no photoreceptors and is usually referred to as the
blind spot. The optic nerve is what transports all the chemical and electrical nerve impulses to
the brain to be processed by the central nervous system. 4 Figure 1 depicts the eye and all the
parts described from above.
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Figure 1: Anatomy of the eye (Papin and Pretorius Optometrists)
Retinal Pigment Epithelium
The retinal pigment epithelium (RPE) is the monolayer of cuboidal cells is located
between the apical end of the photoreceptors and the Bruch’s membrane that lies closest to the
choroid layer. The RPE has many critical functions in the eye as a whole and in the retina
specifically. Some of its basic functions involving the choroid are: transporting ions and
metabolic products from the sub-retinal space to the blood vessels of the choroid and taking
metabolic essentials from the blood vessels back to the photoreceptors. This process is able to
occur due to the strong apical to basal polarization of the cells. Every day the photoreceptors
shed part of the outer segment tips which are phagocytized by the RPE. The RPE participates in
exocytosis of molecules proteins into the sub-retinal space.9 Other functions of the RPE include:
absorbing light, storing vitamin A esters, and forming an acid-mucopolysaccharide complex
around the photoreceptors. Although the RPE layer extends all around the posterior of the eye
and is continuous with the ciliary body,11 around the fovea, the RPE cells are smaller. Cells
located around the perifovea tend to be multinucleated.9 The RPE cells are tightly packed
together with little space between them due to the connections between desmosomes and other
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junctional complexes. The cells tend to vary in shape and size but typically look hexagonal in a
monolayer.11 The lateral cell walls are smooth while the apical surface of the cells has two types
of microvilli present. The long microvilli lie between the photoreceptors. They surround rods and
contain smooth endoplasmic reticulum, ribosomes, melanin, and actin filaments. The smaller
microvilli are around the outer segment of rods closest to the foveal cones.11 The basal surface of
the RPE has basal infoldings from the Bruch’s membrane for absorbing. 11 Figure 2 shows the
RPE cells in proportion to the other layers of the eye and highlights the microvilli.

Figure 2: Highlighting the Retinal Pigmented Epithelium Structure (Sonoda, 2016)
Palladin
Palladin is a cytoskeleton scaffolding protein that is part of an actin cross linking protein.
The PALLD gene is what transcribes this phosphoprotein Palladin. In can be stated that Palladin
works in organizing actin arrays, helps with cell motility, and is involved in changes in cell
morphology. Palladin is seen in many parts of the body but mostly around muscle tissue because
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of its function in cell adhesion and motility.5,1 Palladin expression is highest in muscle tissue
because of its function in cell adhesion and motility.5,1 However, it is seen expressed all over
the body with the gastrointestinal tract and pancreas showing the second and third highest
expression. . Palladin has not been seen expressed in the Retina or the eye before. 5 When
detected, Palladin can be seen in 3 isoforms being: 90 kDa, 140 kDa, and 200 kDa. This protein
has been shown to bind to actin-associated proteins such as alpha actin and F-actin seen in Figure
3. When multiple bundles of F-actin and Palladin form this is called an actin array. Palladin has
also been identified in contractile bundles where actin filaments bundles are found in anchoring
structures such as focal adhesions, podosomes, and stress fibers. Palladin has many partners
seen in figure 3 that can bind directly to actin suggesting that its role is more an indirect
relationship. Overexpression of Palladin showed significant changes in actin organization and

Figure 3: Actin protein binding with F-actin (George, 2007)
cell morphology in blood monocytes; While a down regulation in Palladin causes the cells to not
form focal adhesions, podosomes, or assemble stress fibers. Without Palladin, filamentous actin
is lost and cell mobility is impaired.1
Another identifier of Palladin are its immunoglobulin domains. The three
immunoglobulins Ig3, Ig4, and Ig5 are transcribed at the C-terminus in all three isoforms. The
140 kDa and 200 kDa isoforms each have an extra immunoglobulin. The immunoglobulins
create folds in the protein made of b-sheets as seen in Figure 4. These immunoglobulins can
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Figure 4: Palladin Protein (W,E.M)
function in many protein-protein interactions or they may have their own specialized function in
a cell. In a study done by Dixon et al. they looked to see if any of the immunoglobulin domains
could bind to F-actin directly. They found that none of the domains could bind actin directly
however the IG3 and IG4 domain combined showed a higher affinity for binding than each
domain alone. The study also found that the interaction between Palladin domains and F-actin
are highly salt dependent. This means that this binding is due to electrostatic interactions
between F-actin and Palladin. This was seen in the Ig3 domain. Therefore, the Ig3 domain is the
only domain seen thus far to be able to bind to F-actin directly. 1
Cytoskeleton Elements
The cytoskeleton is made up of three elements: microfilaments, microtubules, and
intermediate filaments. The cytoskeleton is the structural scaffold of the cell and is involved in
things such as endocytosis, cell division, intracellular transport, mobility, adhesion, cell shape,
and responding to external forces. Most of these functions are critically relevant for the function
of the RPE. This explains how the cytoskeleton of the RPE is highly important to the function of
the RPE as a whole. The RPE cytoskeleton contains all three elements: actin, microtubules, and
intermediate filaments that are shown in figure 5. All function to respond to actions inside and
outside of the cells. For the purpose of this study we will focus on actin and its ability to make
structural changes affecting cell shape.9
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Actin
The actin filaments form a cross-linked grid of polarized filaments to help with
structural support. Figure 5 shows the actin filaments lining the edges of the cell for structural
support. These cross links interact with cell borders to help with cell movement and focal
adhesions. Actin is seen in two forms within the cell: G-Actin and its phosphorylated form Factin. Actin is regulated by this phosphorylation. This happens when an actin binding protein
hydrolyzes ADP to ATP. While we know how actin is regulated, the processes which causes
actin to assemble or disassemble are still unknown.9
Actin filaments can also be found in the microvilli of the RPE and help with structure
and organization of apical functions. At the basal side of the RPE the actin filaments are tied to
the zonula adherens and help with cell shape. The actin filaments cross link alpha-actinin to
create stress fibers that connect to the intermediate filaments and focal adhesions used in signal
transduction.9

Figure 5: Structure of the RPE and Arrangement of Actin (Tanau, et a,.2019)
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Microtubules and Intermediate Filaments
The RPE works with microtubules and intermediate filaments in other ways. The
microtubules are made out of hetero-dimers of tubulin. Microtubules are critical during mitosis.
They also help with cell growth, cell shape, and intracellular transport. However, in the RPE,
microtubules can be seen near the photoreceptors. The photoreceptors undergo phagocytosis
daily and the remnants from this process are absorbed by the apical microvilli or the RPE. On the
other hand, the intermediate filaments are found in the nucleus and cytoplasm of the cell. These
filaments work in areas of cell-to-cell contact such as desmosomes shown in figure 5. These
filaments interact with desmosome proteins such as cadherin. Without these structures in place
the cells would lose contact from one another. These filaments also have roles in cell migration
and cell division. They can be shock absorbers since they usually receive little damage. The
border between cells and the extracellular matrix are where cell adhesions can be disrupted
causing things such as proliferation. Overall, all three cytoskeleton elements work to transport
the pigment granules of the RPE between the layers of the eye.11
Epithelial-Mesenchymal Transition
Epithelial-mesenchymal transition (EMT) is when epithelial cells start to take on a
mesenchymal phenotype. This entails that the cells lose the typical epithelial characteristics. In
the case of the RPE this means that the cells no longer have their cobblestone appearance,
instead they have more of an oval fibroblast like shape. Figure 6 shows a how the cell shape
changes over time.
EMT causes changes in cell shape, cell mobility, proliferation, and ultimately
apoptosis. These EMT characteristics develop partially overtime and don’t occur in a step-bystep process. The RPE cells that shouldn’t be mobile become mobile and proliferate into the
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center of the eye. The cell-to-cell junctions of the RPE, including adherens junctions and tight
junctions, are altered when EMT occurs. We can tell this happens because cells at the center of a
sheet of cells remain intact and have the epithelial characteristics while cells around the outside
of the sheet have undergone EMT and become more fibroblast like and have lost cell-to-cell
connections.
It is thought that b-Cadherin has a role in the RPE cells and the EMT process.
Adherins are the major protein of adherens junctions in the RPE cells. In this pathway, bCadherin works with b-Catenin. b-Catenin moves to the nucleus of the RPE cells and activates
EMT transcription factors such as Snail. This then causes EMT to occur. When b-Catenin is
inhibited EMT is prevented. 7
In a study done by Tay et al they looked at Palladin’s role in EMT colon cancer cells.
In these cells, Palladin was down regulated which caused an interruption in the localization of ECadherin at the adheren junctions in these cells. This caused the cells to proliferate and migrate.
It also caused reorganization of the actin cytoskeleton and loss of polarity within the cells. This
study is the only study thus far that talks about the effects of Palladin and the cytoskeleton in

Figure 6: Epithelial-mesenchymal transition. (Kalluri and Weinberg, 2009)

Powell 14
EMT.8 This leads us to the question of this study. We are trying to see if this same process is
occurring in the retinal pigment epithelium of the eye. Palladin has never been located within
these cells. If it is located in these cells it can further be studied for its role in epithelial
mesenchymal transition. WE the RPE cells are exposed to the vitreous humor of the eye the RPE
cells undergo this EMT process. Palladin could be up or down regulating thus causing this
process to occur. This EMT process leads to a disease called proliferative vitreoretinopathy.
Thus, understanding Palladin’s role in EMT is critical to understanding the early causes of
Proliferative vitreoretinopathy.

Proliferative Vitreoretinopathy
Proliferative vitreoretinopathy (PVR) is a disease of the eye in which blinding occurs by
the formation of epiretinal membranes. The RPE of the eye is seen to proliferate and form these
epiretinal membranes when the layer undergoes EMT as shown in figure 7. The RPE therefore
plays a big role in the pathogenesis of PVR. PVR occurs in 5-10% of all rhegmatogenous retinal
detachments, which are separations of the retina from the retinal pigmented epithelium below,

Figure 7: Proliferative Vitreoretinopathy (Brady & Kaiser, 2015)
retinal detachments. PVR can be fixed by modern surgery procedures. A lot, though, is still not
known about the specifics of PVR and its relation to the retinal pigment epithelium.10
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For this study, the phosphoprotein Palladin is hypothesized to be expressed in the
retinal pigmented epithelium of pig eyes. Immunoblot analysis will be used to identify Palladin’s
expression in the retinal pigmented epithelium. Palladin will most likely help to form actin
arrays that build and maintain the cytoskeleton of the RPE. The RPE will therefore maintain its
epithelial characteristics when/if Palladin is expressed. Normal Palladin expression in the RPE
should cause normal adherens junctions between cells. The connected cells should then have a
cobblestone appearance when photographed. However, it is hypothesized that when Palladin
expression is either up-or down-regulated due to exposure from the vitreous humor the RPE cells
will undergo epithelial-mesenchymal transition. This change in expression can be seen by a
change in phenotype. The RPE cells will lose their epithelial characteristics and gain a
mesenchymal shape. The change in expression can also be seen genotypically by analysis
through quantitative reverse transcription polymerase chain reaction (RT-PCR). If this chain of
events is occurring in the RPE it may be the cause for proliferative vitreoretinopathy.
Finding if Palladin is expressed in the Retinal pigmented epithelium will add to our
knowledge of where Palladin is being expressed in the body. It is important to know where
proteins are being expressed throughout the body in order to understand the processes they
affect. If Palladin is being expressed in the RPE this will help us to further understand the
epithelial mesenchymal process and its role in proliferative vitreoretinopathy. Palladin could then
be studied for its possible role in treatment of prevention of Proliferative vitreoretinopathy. The
expression of Palladin could be regulated to stop epithelial mesenchymal transition from
occurring. If Palladin is found to be expressed then it can also be studied for its influence in other
pathways in the retinal pigmented epithelium or the retina. Palladin could have a role in other
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pathways or have unknown effects on the retina. Palladin could also have role with the other
cytoskeletal elements such as microtubules and intermediate filaments. Palladin could have
important impacts on the retinal pigmented epithelium and the pathology of the eye. This is why
its expression and effects must be studied. While this is a preliminary study on the protein its
effects could help future researchers and more studies of Palladin could follow.

METHODS
Primary Cell Tissue Culture of the Retinal Pigmented Epithelium
Pig eyeballs were collected from Swift and Company Meat Processing in the
Butchertown location in Louisville, KY. Eyeballs were obtained shortly after removal so as to be
as fresh as possible. They were immediately placed in a 1X solution of phosphate buffered saline
(PBS) (VWR Life Science, Solon, Ohio) and on ice. The extraocular tissue of the eyes were
removed and placed into another container filled with 1X PBS on ice. Once all extraocular
tissues were removed the eyeballs 1X PBS solution was poured out and replaced with 7.5%
povidone iodine (Aplicare, Branford, CT) and place on the belly dancer shaker (Fisher Scientific,
Waltham, MA) for ten minutes. The povidone iodine is poured off after the ten minutes and
replaced with 300 ml of 1X PBS then placed back on the belly dancer for 10 minutes. This step
is repeated until the pour off is clear. The DMEM cell culture media (GIBCO, Grand Island, NY)
was treated with 50 ml of fetal bovine serum (FBS) (GIBCO, Grand Island, NY) and 10 ml of
1M HEPES (GIBCO, Grand Island, NY). For each eyeball, the following steps were performed.
The eye was held by the sclera and cut horizontally around the eye so as to remove the cornea,
lens, and vitreous humor from the eye cup. Hanks balanced salt solution 1X +/+ (HBSS)
(GIBCO, Long Island, NY) was added to fill the eye cup. Using forceps, the retina was removed
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from the eyecup and cup at the optic disk so all that remains is the retinal pigmented epithelium.
The HBSS was poured off and replaced with 1.5 ml 0.25% 1X Trypsin EDTA (GIBCO, Grand
Island, NY). Eyecups were then placed in the 37° incubator for one hour. Trypsin was removed
from eyecups and replaced with DMEM. The DMEM was pipetted up and down to break apart
the cells then transferred to a 50-ml centrifuge tube. 40% Percoll was made by adding Percoll,
1M NaCl stock, 0.5M Na2PO4 stock, deionized water to a centrifuge tube then run through a
Cellulose Acetate filter. The 40% Percoll filter sterilized (Sigma Life Science, St. Louis, MI) was
added to a new 50 ml centrifuge tube. The solution of cells and DMEM was carefully transferred
to the new tube containing the 40% Percoll then spun at room temperature at 300g for 10
minutes. The supernatant was removed carefully to not disturb the pellet. The pellet was then
resuspended in DMEM. The cell and DMEM solution was plated on T-25 plates and placed in
the incubator to grow until 100% confluency. Later 6-well plates were used for better growing
conditions. The cell media was regularly changed every 2-3 days.
Vitreous Exposure
Media was removed from 18 wells that had reached 100% confluency. 8 wells were
then plated with a 1:1 dilution of vitreous humor to DMEM growth media. 10 wells were
replated with just DMEM growth media as control plates. All plates were placed in a 37°
incubator for 72 hours.
Semi-Quantitative Reverse Transcription Polymerase Chain Reaction
All products used in this section are from Invitrogen, Carlsbad, CA unless otherwise stated.
mRNA was isolated from 4 vitreous exposed wells of primary retinal pigmented epithelial cells
and from 4 control wells using the RNeasy Plus mini kit (Qiagen, Valencia, CA). First strand
synthesis was performed on the primary RPE mRNA in order to obtain cDNA for both the

Powell 18
control and vitreous exposed samples. A solution of the respectable mRNA, oligo dT primers, 10
mM dNTPs, and DEPC water was made and added to a centrifuge tube. It was incubated at 65°
C for five minutes in the MJ Mini thermocycler (Bio-Rad, Hercules, CA). It was then set on ice
for one minute. The reverse transcription buffer was made by adding 10X buffer, 25 mM MgCl2,
0.1M DTT, RNAse out, and RT. The Reverse Transcription buffer was added to each RNA
sample. Each sample was run on the MJ Mini thermocycler then placed on ice. RNAse H was
added and then samples were incubated for 20 minutes at 37°C. The samples were stored at 20°C until further use.
Polymerase Chain Reaction (PCR) was then performed on each cDNA sample to
amplify the DNA sequences. 2 sets of primers were made to use during PCR. The 3’ and 5’
GAPDH primers were made to use on the GADPH cDNA. The 3’ and 5’ PALLD primers were
made to use on our control and vitreous RPE cDNA samples. Each primer had deionized water
and then 100uM of the respective stock. The master mix for PCR was setup by adding: deionized
water, 10x buffer, dNTP’s, and MgCl2 to a centrifuge tube. The respective cDNA and respective
3’ and 5’ primers were added to each labeled centrifuge tube. Then the master mix and Taq
Polymerase were added to each tube. The tubes were run on the MJ Mini thermocycler on the
PALLD setting. Samples were run on 1% Agarose gel using 5X loading buffer and run at 300v
for 20-25 minutes. Four lanes were run: Control GAPDH, Vitreous exposed GADPH, PALLD
control, and PALLD vitreous exposed cells. Images of the gel were taken using the Chemidoc
system(Bio-Rad, Hercules, CA).
Immunoblotting
A total protein isolation and DC Protein Assay (Bio-Rad, Hercules, CA) was performed on
primary RPE cells to be used in immunoblotting. The concentration of the sample was found to
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be 2.5 ug/ul. SDS gel electrophoresis was performed to separate all the proteins from the cell
samples. A 2X sample buffer stock was made from 5M dithiothreitol stock (EMD, Gibbstown,
NJ) and 2X Laemmli sample buffer (Bio-Rad, Hercules, CA). The SB stock was added to
microcentrifuge tubes and then each protein sample was added. The protein sample was placed
in a 95° C water bath for five minutes. The SDS running buffer was made from deionized water
and 10X buffer tris/glycine/SDS buffer (Bio-Rad, Hercules, CA). The outer chamber was filled
with SDS running buffer and a mini protean TGX stain free gel (Bio-Rad, Hercules, CA) was
placed into the running system. The first and tenth lanes were skipped to avoid a smiling effect
of the gel. The second lane was loaded with 5 uL of SDS Precision Plus Protein Western
Standards (Bio-Rad, Hercules, CA). The next three lanes were filled with 16 uL of total protein
with a concentration of 2.5 ul/lane. The same pattern of standards and then three sample lanes
was followed for the rest of the lanes in the gel. The gel was run at 200V for 30 minutes. The
proteins were transferred to a PVDF membrane using a transfer blot turbo transfer pack (BioRad, Hercules, CA). The transfer membrane was washed using methanol and Ponceau S to
visualize proteins.
The western blotting process was then started. Blocking buffer was prepared by
mixing 2.5 g of dry milk (Carnation) with 50 ml 1X TBS-T (Bio-Rad, Hercules, CA). The
transfer blot was cut into 2 distinct blocks. Each block included one lane of standards and three
sample lanes. One block was saved for future use while the second block was cut into individual
strips for each lane. Each strip was placed in its own tray for the western blot process. The
standards strip was blocked for one hour in TBS-T. The other three strips were blocked in
blocking buffer for one hour. After the hour, the blocking buffer and TBST were poured off and
the strips were rinsed two times for 5 min each in TBS-T. For the second incubation two
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dilutions of PALLD/Palladin monoclonal Antibody (2A1F6) (Protein Tech, Rosemount, IL)
were prepared: 1:1000 and 1:4000 dilutions. The standards strip was incubated for a second time
in only TBS-T for one hour. One strip was incubated in only blocking buffer for one hour. This
strip was the control strip and received no primary antibody. One protein sample strip was
incubated in the 1:1000 monoclonal antibody dilution and the other protein sample strip was
incubated in the 1:4000 monoclonal antibody dilution for one hour mixed with blocking buffer.
After the second incubation, all liquid was poured off and all strips were rinsed two times in
TBS-T for five minutes each and then one time for ten minutes. The strips then entered the third
incubation round using the stabilized peroxidase conjugated Goat anti mouse (GAM)-HRP
secondary antibody (Invitrogen, Rockford, IL). The standards strip was incubated for one hour in
TBS-T and 1ul of Streptavidin HRP (Bio-Rad, Hercules, CA). The control strip, the 1:1000 strip
and 1:4000 strip were incubated for one hour in a 1:500 dilution of GAM-HRP with blocking
buffer. After the liquid was poured off from all strips, they were rinsed two times for five
minutes and once for ten minutes. The strips were then transferred to the Chemidoc where ECL
reagent (Bio-Rad, Hercules, CA) was added. Pictures of the blot were obtained.
A second total protein isolation and DC Protein Assay was performed on the control
wells and the vitreous-exposed wells. The concentration of both was found to be 2.82 ug/uL.
The general procedure for gel electrophoresis and western blotting described above was used on
these samples with slight modifications. Gel electrophoresis was performed on the control and
vitreous exposed protein samples to separate all potential proteins. A mini protean TGX stain
free gel was run. Lanes 1 and 10 were skipped. 5 uL of SDS standards was loaded into lane 2
followed by a lane of 14.2 uL of control total protein with a concentration of 2.8ul/lane and
another lane with 14.2 uL of vitreous exposed total protein concentration of 2.8 ul/lane. This
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pattern was repeated two more times on the gel. The gel was run at 200V for 30 minutes. The gel
was then transferred to a transfer blot using the Trans blot turbo transfer pack and rinsed in
Ponceau S for staining. The transfer blot was cut into 3 blocks each having a MW standards lane,
a control lane, and a vitreous exposed lane.
Three separate western blot analyses were run. The first western blot was using the
PALLD/Protein monoclonal antibody at a 1:1000 dilution. The standard MW lane was cut away
from the control and vitreous lanes and were put into separate trays for western blotting. The
standards lane was blocked for one hour in TBS-T while the control and vitreous lanes were
blocked for one hour using blocking buffer. The liquids were poured off from each tray and
rinsed 2 times with TBS-T. The primary PALLD antibody was poured over the vitreous and
control tray with blocking buffer and incubated for another hour on the belly dancer. The
standards were put back in TBS-T to block for the second incubation hour. After, the liquids
were poured off and rinsed two times with TBS-T for five minutes each. The control and
vitreous lanes were then blocked in 1:5000 dilution of GAM-HRP and blocking buffer while the
standards were blocked in blocking buffer with streptavidin-HRP for the last hour. Again, all
liquids were poured off and rinsed with TBS-T. The strips were taken to the Chemidoc for
imaging using ECL Reagent.
The same western blot process was followed for the second transfer blot block but
with a different primary antibody. The second transfer blot block used the PALLD polyclonal
primary antibody (Invitrogen, Rock field, IL) at a 1:5000 and the rabbit anti goat secondary
antibody (Invitrogen, Rock field, IL) at a 1:5000 dilution. Images of this blot were taken on the
chemidoc. The same process was repeated one more time but with a monoclonal Actin primary
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antibody(Sigma, St. Louis, MO) at 1:1000 dilution and with GAM-HRP secondary
antibody(Invitrogen, Rock field, IL). Images of this western blot were taken on the Chemidoc.
RESULTS
To see the effect of vitreous exposure phenotypically on retinal pigmented epithelial
cells, primary cell tissue cultures were performed and then cells were exposed to vitreous humor.
The cells grew until 100% confluency before they were ever exposed. Ten wells were left to
grow as control cells. The other 8 wells were exposed to the 1:1 dilution of vitreous humor and
growth media. The pictures of the control cells compared to the vitreous exposed cells are shown
in figure 8. The normal cobblestone-like appearance of the retinal epithelial lining can be seen in
both images. Small dark areas are seen on both images showing where more cells congregated
during the growing period. No differences in phenotypic expression were seen in the vitreous
exposed cells versus the control cells. Cells in both images can be seen to have a cuboidal shape
and form a monolayer. No mesenchymal cell characteristics were seen in any of the cells
exposed to vitreous humor. The cells still have adherens junctions intact and therefore are not
proliferating around the edges of the plate. The cells did not change in shape to gain an oval like

Figure 8: Control (left) vs. Vitreous-exposed (right) RPE cells.
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shape. There were a few small areas on the vitreous exposed plates where cells had slight
mesenchymal characteristics but it was not enough to be called a significant change in
phenotypic expression.
The cells were then harvested for the total protein isolation and DC Protein Assay.
The protein was run in a gel electrophoresis in order to separate all possible proteins in the
retinal pigmented epithelium. The gel was then transferred to a transfer blot to be used in western
blot analysis. The first western run used the PALLD Monoclonal Primary Antibody only on
normal RPE cells with the corresponding goat anti mouse. This primary antibody was run in two
dilutions- 1:1000 and 1:4000. The purpose of this run was to identify the protein Palladin in the
retinal pigmented epithelial cells. The PALLD primary should bind to the paladin protein and

Figure 9: Control RPE with PALLD Monoclonal Primary Antibody
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light up on the western blot. A control lane was run with no primary antibody but with the
corresponding secondary antibody to ensure that only paladin was being selected for when
running the blot. Figure 9 shows the results of this first blot with the monoclonal primary
antibody. This monoclonal antibody was successful in binding the Palladin protein. A significant
band can be seen at about 70.66 kDa in both dilutions. The 1:1000 dilution showed a bit more of
a significance so we chose to use this dilution for future use. The lane with no primary antibody
and only secondary antibody ensured that the secondary antibody would only bind to the PALLD
monoclonal primary antibody therefore only binding to our specified protein: Palladin. This
western blot confirmed Palladin protein is being expressed in the RPE.
The next western blots compared the expression of Palladin in the control cells
versus the vitreous exposed cells. The next blot had one lane of control cells and another lane of
vitreous exposed cells. Both lanes were run with the PALLD monoclonal primary antibody and

Figure 10: Control and Vitreous Exposed RPE with PALLD Monoclonal Primary Antibody
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the goat-anti-mouse HRP secondary antibody. The western image can be seen in figure 10. A
band of 80.4 kDa was seen on both the control and vitreous lane. A second faint band was seen
below the first band in the control RPE cell lane at 66.7 kDa. It was confirmed that Palladin is
being expressed in both the control and vitreous cells. However, the bands expressed in this
western blot did not match the bands expressed in the first blot ran with the same PALLD
monoclonal antibody. The extra band seen in the control cell lane was also not seen in the first
blot with the same cells and primary antibody.
The next blot used a different primary antibody that was run on both the control and
vitreous cell lanes. We used the PALLD Polyclonal Primary Antibody and the corresponding
Rabbit-anti-goat HRP secondary antibody. The Chemidoc image of this blot can be seen in
figure 11. The primary antibody is seen to be binding to multiple bands lining up pretty evenly

Figure 11: Control and Vitreous Exposed RPE with PALLD Polyclonal Primary Antibody
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on both the control and vitreous exposed lanes. The antibody bound to four significantly thick
bands at 16.6 kDa, 35.76 kDa, 81.8 kDa, and 95.5 kDa. None of these bands corresponded to the
bands seen with the monoclonal primary antibody.
The last blot run used an Actin monoclonal primary antibody and its corresponding
secondary antibody. This blot was run to ensure equal loading of all other blots run. Both the
control and vitreous exposed lanes should bind to actin no matter what since it is known to be
present in both these cells. The Chemidoc image can be seen in figure 12. The control and
vitreous lanes both show a band at 45.7 kDa. This is the typical recognized band expression for
actin.

Figure 12: Control and Vitreous Exposed RPE with Actin Monoclonal Primary Antibody
mRNA was collected from both the control and vitreous exposed cells using the
RNeasy Plus Mini Kit. The mRNA then went through single strand synthesis to produce cDNA
to be used in PCR. Semi Quantitative Reverse transcription PCR was performed to see if
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Palladin was being up or down regulated when exposed to the vitreous humor. Figure 13 shows
results from the PCR run with GAPDH and PALLD primers. GAPDH was run as a common
reference gene. The GAPDH primers were run with both control and vitreous exposed cDNA.
The following two lanes of control and vitreous exposed cDNA were run with PALLD primers.
Figure 13 shows that there was no significant up or down regulation of Palladin in the cDNA.
The GADPH control and vitreous showed a significant thick band at 464 bp. Both the control
and vitreous cDNA with PALLD primers showed a significant band at 433 bp. The band in the
control and vitreous lanes were of same thickness and brightness.

Figure 13: RT-PCR of control and vitreous-exposed RPE. Lane 2 and 3:
GADPH; lanes 4 and 5: Palladin

DISCUSSION
In this study, vitreous exposed and control retinal pigmented epithelial cells were
used to study the expression and regulation of the phosphoprotein Palladin. The cells were first
plated to notice any phenotypic transformations between the control cells and the vitreous
exposed cells. The vitreous exposed cells showed no sign of epithelial mesenchymal transition.
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There were a few areas where some mesenchymal cells could be seen but there was no major
phenotypic difference in the cells. Most of the cells still had their epithelial characteristics. The
cobblestone like appearance can be seen in both plates of cells. The vitreous exposed cells were
still attaching to other RPE cells by adherens junctions. The cells were not proliferating or
migrating. The cells tend to grow better and show expression during the colder months of the
year. The colder temperatures help to preserve the RPE tissues in the eye. When the tissues are
exposed to higher or warmer temperatures this increases the chance for tissue degradation to
occur. The eyeballs are temporarily exposed to the warmer temperatures of the meat processing
facility following removal. This is why the eyeballs should immediately be transferred to ice
after removal from the pig. This doesn’t always happen which can cause the cells to start
undergoing tissue degradation. In the winter months, there is a smaller chance that tissue
degradation will occur since the meat processing plant will be under a cooler environment.
These experiments were done between late August and mid-November when the weather in
Kentucky is warmer or barely starting to get cold. This could have contributed to why the cells
phenotypic transformation did not occur. More primary cells tissue cultures should be performed
to show a true transformation in phenotype. The cells should clearly show that epithelialmesenchymal transition is occurring in vitreous exposed cells.
The first immunoblot with the PALLD monoclonal primary antibody and control cells
showed a clear band representing Palladin in both the 1:1000 dilution and the 1:4000 dilution.
This band was at about 70.66 kDa. Palladin was found to be expressed in the retinal pigmented
epithelium. Palladin is expressed in one of six isoforms. The closest isoform to the band seen in
the western blot is 69.18 kDa. More research would need to be done to figure out which specific
isoform is being expressed in the RPE.
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In the next immunoblot used the same PALLD monoclonal primary antibody but was run
on control and vitreous exposed cells. The paladin protein was seen expressed in both the control
and vitreous exposed cells however there was no difference in expression strength. Both lanes
showed at band at 80.4 kDa. However, this band did not match the size of the band found on the
previous blot run with the same monoclonal antibody on just control cells. This band was a bit
bigger in size than the bands run on the first immunoblot with just control cells. The control lane
in this immunoblot showed an extra faint band of about 66.7 kDa. This band was not seen in the
first immunoblot done with just control RPE cells and the same monoclonal antibody. These
bands can be interpreted in a few ways but overall the blot would need to be redone to get more
consistent results with this primary antibody. The 80.4 kDA band could be a band closer to one
of the other isoforms. The second faint band at 66.7 kDa could be a band of protein degradation
occurring from the first band. The next closest isoform of Palladin is 103.34 kDa. This value is
closer to the 80.4kDa band found on the Figure 10 western blot. The band at 66.7 kDa could be a
form of protein degradation from the first isoform or it could be a second isoform being
expressed. The closest isoform to the 66.7kDa band is the 69.18 kDa isoform. This was the same
isoform predicted to be expressing in the first western blot done in figure 9. More
immunoblotting with the PALLD monoclonal antibody would need to be done to get consistent
expression of Palladin. Further research on the isoforms being expressed in the RPE would need
to be done once consistent expression is determined.
The next immunoblot used a PALLD polyclonal primary antibody to see if expression
of Paladin would be shown better with this different antibody. This antibody was used on both
the control and vitreous cells. In both cells, it can be seen that the antibody bound to many
proteins in the retinal pigmented epithelium. The goal was to single out Palladin better and that
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was not accomplished with this antibody. Both the control and vitreous lanes showed 4
significant bands in figure 11. The MW of the four bands were 95.5 kDa, 81.8 kDa, 35.76 kDa,
16.6kDa. The first band at 95 kDa was close to the 103.34 kDa isoform. The second band was
closest to the 69.18 Palladin isoform. The other two bands did not match any of the other paladin
isoforms meaning other proteins must binding with this polyclonal antibody. It was decided that
the monoclonal primary antibody works best in showing paladin expression until other
antibodies are experimented with.
The last immunoblot was run using an Actin monoclonal primary antibody on both
the control and vitreous cells. This was done in order to show equal loading of the lanes. The
immunoblot showed that all lanes were equally loaded with sample because both lanes had a
band at 45.7 kDa. This band is the common band size for Actin.
In all the western blots that were performed the bottom and tops of the blots were
faintly marked during the transfer process. The best estimate of the top and bottom of the
western blots were taken to find the values recorded. This could affect the Rf values obtained.
Any slight change in height of the band could affect the band lengths we obtained. This error can
explain why in the western blot with the PALLD monoclonal antibody used on both control and
vitreous cells the band was measured to be 80.4 kDa but the band appeared below the 75 kDa
molecular weight band. The blots would need to be rerun with the correct marking of the top and
bottoms of each blot. This would ensure that the Rf values are calculated correctly.
Lastly, Palladin cDNA was observed to see if any up or down regulation had
occurred to the cells when exposed to the vitreous humor. A total mRNA isolation was done to
collect mRNA from both the control and vitreous cells. The mRNA underwent single strand
synthesis to create cDNA. RT-PCR was then performed. GADPH was used a common control
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gene to compare with the PALLD gene. It was originally hypothesized that if epithelial
mesenchymal transition was occurring then we would see a up or down regulation in Palladin in
the RT- PCR. Therefore, the band on the vitreous lane would not be the same as the control lane
band. Since no phenotypic transformation or sign of epithelial-mesenchymal transition was seen
we would then probably expect no up or down regulation of paladin to be seen. Both lanes
showed a band of 433bp on the RT-PCR. This confirmed that no up or down regulation had
occurred to Palladin with vitreous exposure. The GADPH also expressed the same band at 464
bp on both the control and vitreous exposed cDNA. This experiment would need to be repeated
to show true transformation in cells in order to see a up or down regulation of Palladin.
Overall, this preliminary study was successful in identifying Palladin expression in the
retinal pigmented epithelium of pig eyes with the use of a PALLD monoclonal primary antibody.
More experimentation would need to be done with this antibody or with others to confirm which
isoforms are present and get consistent imaging. Epithelial-mesenchymal transition was not seen
occurring in the plated cells. No visual phenotypic transformation could be seen. This correlated
with no results of up or down regulation of Palladin in RT-PCR analysis. Further primary cell
tissue cultures should be done to show this phenotypic transformation. The RT-PCR should then
be re-performed to see if Palladin is being up or down regulated. This study of the
phosphoprotein Palladin had brief success but has lots of room for more experimentation. It has
opened the doors for further research on this protein and its effects on the retinal pigmented
epithelium. Future research could help understand Palladin’s role in proliferative
vitreoretinopathy
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